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Treatment of cholesterol -fed male hamsters kept on a diet of 
purina chow with /7/f-rriethyl-suhsti tuted hexadeeanedioic acid 
(MEDICA 16) resulted in a progressive hypocholesteroiaemic 
effect, amounting to a 50% decrease in the cholesterol content of 
nil plasma lipoproteins. The decrease in plasma cholesterol 
could be accounted for by activation of plasma -cholesterol 
efflux through the liver into the bile mediated by MKDICA 16- 
induced (a) increase of the number of liver LDL receptors, (b) 
activation of liver neutral cholesteryl ester hydrolase with a con- 



INTH0OUCT1ON 

Tetramcthylhexadecancdioic acid (MEDICA 16) has recently 
been reported to induce a potent hypolipidaemic effect in the 
nonnotipueinic or nephrotic hyperlipaemic rat [1J. The observed 
hypolipidaemic effect consisted of a decrease in the plasma 
triacylglycero) and cholesterol content of chylomicrons and very- 
low-density lipoproteins (VLDL) with a concomitant increase in 
the relative abundance of I'igh-density-lipoprotein {I ID I.) Chol- 
esterol [11. The hypolipidaemic effect, with respect to plasma 
VJL.DL, could be partially accounted for by inhibition of synthesis 
of liver long-chain fatty acid and cholesterol as a result of a 
reversible inhibition of ATP citrate lyase [2\ and acetyl-CoA 
carboxylase [3] together with a non-reversible inhibition of 
cholesterol synthesis at a step beyond the hydroxy me thylgluiary I 
(HMGVCoA reductase [4|. The overall production rate of 
chylomicrons remained, however, una fleeted by MEDICA 16 
treatment [5J. The hypolipidaemic affect with respect to both 
types of triacyl glycerol- rich lipoprotein could be further 
accounted for by an increase m their plasma clearance ac- 
companied by a 1 0-fold decrease in plasma a poiipo protein (apo) 
C-lil [l.SJ. The reduction hi plasma apo CC-1II was proposed to 
drive premature hepatic uptake of plasma triacylglycero l-rich 
lipoproteins by de-inbibiting the lipoprotein lipase, hepatic 
triacylglyccrol lipase and receptor- mediated liver uptake of the 
apo C- Ill-deficient particles [1,5]. 

The male hamster may offer a better animal model for 
examining human plasma lipoprotein profiles, lipoprotein 
metabolism and liver cholesterol homoeostasis than the rat [6 $]. 
Thus, in contrast with rats, a substantial^ fraction of plasma 
cholesterol is carried, in the hamster, by low-density lipoproteins 
(LDL) and may be further enriched by cholesterol feeding [9J. 
Moreover, since the rate of rat liver cholesterol synthesis is 
exceptionally higher than thai of olher species [7], cholesterol 
homoeostasis in the rat liver as a function of endogenous or 
exogenous cholesterol availability is maintained in the first 



comilant inhibition of liver acyl-CoA cholesterol acyl transferase, 
resulting in shifting of the liver cholesteryl ester/ free -cholesterol 
cycle in the direction of free cholesterol, and (t?) activation 
of cholesterol efflux from the liver into the bile. The increase in 
bile cholesterol output was accompanied by an increase in bile 
phospholipids but not in bile acids. In contrast with rats. 
MKDIOA 16-trcatmcnt of male hamsters did not result in a 
hypotriacylglycerolaemic effect, inhibition of lipogenesis. nor in 
a substantial decrease in plasma apolipoprotein C III content. 



instance by regulating de novo cholesterol synthesis |fYj, and only 
under conditions where the adaptive synthetic response is blocked 
or saturated is liver cholesterol homoeostasis regulated by 
receptor-mediated cholesterol uptake [&]. In contrast with rat, 
ihe capacity for liver cholesterol synthesis in human or male 
hamster is limited and may even be. further limited by cholesterol 
feeding, thus allowing for liver cholesterol homoeostasis to be 
mediated by cholesterol influx/efllux rather than de novo chol 
est e ml synthesis." * 

To evaluate the hypolipidaemic potential of MEDICA 16 in 
an animal model for human lipoproteins, and in light of the 
above considerations, the effect of MEDICA 1 6 was studied here 
in cholesterol-fed male hamsters, where a substantial fraction of 
plasma cholesterol is carried by LDL and where cholesterol 
homoeostasis may be expected to be accounted for by liver 
cholesterol traffic rather than de novo cholesterol synthesis. 

EXPERIMENTAL 
Materials 

MIHXCA 16 was synthesized as previously described [2j. 
Triacylglycerol, and total cholesterol were determined using 
Boeluiiiger kits nos. 701912 and 236691 respectively. [1,2-"H]- 
Chotestcrol (60 Ci/mmot), [i- H C]oleoyl-CoA (60 mCi/mmol) 
and 3-[^/wmo'/-^ l * ( - : Jhydroxy-3-methylglutaryl-C:r>A (60 mCi/ 
mmol) were from NEN. Cholesteryl [l-"C]oleate (60 mCi/mmol) 
and m I (15.8 mCi/ug of iodine) were obtained from Amersham 
International. 3 H a O was from Rotem Industries, Ncgcv, Israel. 
Alkaline phosphatase (Cat. no. 5130) and 3a-hydroxysteroid 
dehydrogenase were from Worthington. All other chemicals 
were from Sigma Chemical Company. 

Animals and diets 

Male golden Syrian hamsters of the Hebrew University strain 
weighing 130 1 50 g were housed in individual cages under 



Ahhreviarlons used: MFDfCA 16. ft/T -methyl-substituted nexadecanedioic acid: VLDL vefy-low-density lipoprotein: HDL. high density lipoprotein; 
HMG CoA. hyrirnxymsthylglutaryi-CoA; apo. apolipoprotein: LDL , low-density lipoprotein: CETP. cholesteryl ester Transfer protein; ACAT. acyl-CoA 
cholesterol acyltranslerase: NCFH. neutral nhnlesteryl er.tar hydrolase: PCAT, phosphatidylcholine cholesterol acyttransferase; Prv.SF, phflnylmethane- 
sulpnonyl fluoride. 
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conditions of alternating periods [12 h) of* light (00:00-12:00) 
and darkness (12: 00- -00: 00). The animals were maintained: on a 
basic ditri consisting of 55 ° u (w/w) carbohydrates, 20% (w/w) 
protein. 5 % (w/w) soya oil. 3.4 " 0 (w/w) cellulose, 0.05 '!,", (w/w) 
cholesterol. 10% (w/w) mnisrure .md 6.7% (w/w) salt/vitamin 
mixture (low-cholesterol group) supplemented with 0.5% (w/w) 
cholesterol where indicated (high-cholesterol group). Following 
7-14 days of adjustment Lo Ihc diet, cholesterol- fed animals were 
either treated tor 30 days with 0.07 % (w/w) MEDIC A 16 added 
to the diet or kept untreated. Food consumption/ 1 00 g body wt. 
for MEDICA 16-treated animals was not significantly different 
from that of non-treated animals. MEDICA 16 treatment of the 
high-cholesterol groups for one month resulted in a progressive 
10X4% (meanXS.JJ.) loss in weight, while non-treated animals 
maintained their initial weight throughout the treatment period. 
Animals were killed in the middle of the dark period. All care 
and treatment of animals was in conformity with the Animal 
Care Guidelines of the Israeli Academy of Sciences. 



Lipoprotein profiles 

Blood samples were collected in a solution of 0.1% EDTA by 
heart puncture under ether anaesthesia. Plasma was cenlrifugcd 
for 20 min ut 102 000 # in a TST 55.5 rotor and the chylomicrons' 
free plasma was fractionated into VLDL, I.DL and HDL by 
continuous K Mr gradient lift]. Cholesterol and triacylglycerol 
contents were determined using the respective Buehringer kits. 
Apolipoproteins were subjected to 11 % (w/v) SDS/PAGR and 
isoelectric focusing as previously described 15] and their content 
determined by densitometry of stained gels [5]. 



Liver lipid content 

Liver triacylglycerol and phospholipid contents were determined 
in liver samples extracted in 20 volumes of chloroform/methanol 
(2: 1, v/v). The dried lipid extract was snlubdi7ed in warm 0.4 % 
SDN. Triacylglycerol was determined using Boehringer kit no. 
701912 and phospholipids were determined according to [11]. 
Liver cholesterol was determined in liver samples ground with 
anhydrous sodium sulphate [12] and extracted with 
chloroform/methanol (2:1, v/v). The dried lipid extract was 
dissolved in propan-2-ol and free cholesterol and cholcstcryl 
ester species were determined by h.p.l.c. [13] using cholesteryl 
acetate as internal standard. Cholesteryl ester content was 
calculated by summing up the contents of the three dominant 
cholesteryl ester species,, namely, cholesteryl palmitatc, chol- 
esteryl oleate and cholesteryl linolcate. Fiver microsomal 
cholesterol and cholesteryl oleate content were determined in 
microsomal samples extracted according to [14]. The dried lipid 
extract was dissolved in aeetonilrile and subjected to h.p.l.c. 
analysis as described above. 



Cholesterol in chylomicrons 

Cholesterol incorporation into chylomicrons was evaluated in 
ether-anaesthetized cholesterol-fed animals injected with Triton 
1339 (520 mg/kg body wt) into the jugular vein. The 
anaesthetized animals were bled from the eye choroid plexus at 
the time of Triton 13 39 administration and by heart puncture I h 
later. Blood samples were allowed lo clot, and the sera were 
overlayed with saline and centrifuged in a 1ST 55.5 rotor at 
102000 # for 20 rnin. The chylomicron fraction was sliced off and 



the cholesterol content as a function of time was determined 
using Boehringer kit no. 286691. Cholesterol incorporation into 
chylomicrons was found, under these conditions, to be linear for 
at least 90 min. 

Plasma cholesteryl ester transfer protein (CETP) activity 

[1 ,2-*l IjCholesteryl ester- la belled LDL was prepared by incubat- 
ing human plasma with [l,2- 3 H]cholesteroI (specific activity 
60 Ci/mmol) for IS h [15] followed by five washings with human 
erythrocytes and isolation of the LDL fraction by KBr-gradicnt 
centrifugal ion. The labelled LDL fraction was dialysed against 
5 mM Tris/IICl {pll 7.4) containing 0.15 M NaCl and 0.5 mM 
EDTA. CETP activity was measured by a modification of [16,17]. 
[l,2- 3 H]Cholesteryl ester-labelled human LDL (81 //g of chol- 
esterol) was incubated with non-labelled human HDL (81 /*g of 
cholesterol) in !0 mM Tris/HCl (pH 7.4) containing 0% (w/v) 
albumin (essentially fatty acid free), 1.2 mM 5,5'-dithiobis(2- 
niuobenzoie acid) and in the presence or absence of added 
hamster lipo protein-deficient plasma [<*>l.21g/m (5 mg of 
protein)] in a total volume of 0.5 ml. After incubation for 3 h at 
37 Q C,50 fii of unla belled serum was added, LDL was precipitated 
by heparin MnClg, the HDL-choleslcryl ester was extracted 
according to [14] and subjected to silicic acid t.l.c. in light 
petroleum (b p. 40-60 °C)/diethyl ether/acetic acid (75 :25: 1, by 
vol.). The cholesteryl ester spot was cut ofFthe plate and counted 
in scintillation fluid. 

Output ol biliary lipids 

The cystic duct of phenobarbilaJ-unuesthetized hamsters was 
Hgated, followed by cannulation of the common bile duct with 
PK-10 polyethylene tubing (Clay Adams) and collection of bile 
for 1 h. Bile-acid content was measured euzymically according to 
[18], Bile phospholipids were determined according lo [111. Bile 
cholesterol content was determined using Boehringer kit no. 
2X6691. 

Synthesis of liver lipids 

Liver cholesterogenesis and lipogenesis rates were determined by 
following the rate of 3 Hj,0 incorporation into liver cholesterol 
and long-chain fatty acids. The a.nimals were injected 
intraperitoneal^ with 50 mCi of 3 II 2 C) followed 1 h later by 
quick perfusion of the liver with cold saline [19]. Liver samples 
were subjected to alkaline hydrolysis, followed by extraction 
with light petroleum (b.p. 40-60 °C), extensive washings with an 
ideal upper-phase, digitonin-precipitation of cholesterol, and 
light petroleum (b.p. 40- <50 °C) extraction of the acidified hydro- 
lysate as previously described [2]. Animals perfused for 1 min 
following the injection of a H a O served as controls. 

Liver phospholipid synthesis was determined by measuring the 
incorporation of glycerol into liver lipids 10 min after the 
injection of 150/iCi of [1-(3)- 3 H]glycerol (specific activity 
Ci/mmol) into the jugular vein [20]. Liver lipids were 
extracted with chloroform/methanol (2:1, v/v) and phospholipid 
species were separated by t.l.c. using KJcselgel 60 plates (Merck) 
clutcd with acetone/chloroform /methanol/acctic acid/H,0 
(8:6:2:2:1, by vol.). Incorporation of the label under these 
conditions was found to be linear with time for up to 20 min, 

Enzymic assays 

Liver microsomal HMG-CoA reductase was measured in 
alkaline-phosphutascHrcatcd microsomes according to [21] Liver 
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microsomal acyl-CoA cholesterol acyl transferase (ACAT) ac- 
livity was measured according to l?.2| in unwashed microsomes 
prepared from liver samples homogenized in 4 vol. ol" 0.25 M 
sucrose containing t mM EDTA (pH 7.4). Liver cytosoiic neutral 
cholcslcryl ester hydrolase (NCEH) activity was measured in the 
105000 £ "supernatant prepared from liver samples homogenized 
in 0.15 M potassium phosphate buffer U>H 7.4) containing 10% 
iw/v) glvccrol and using cholotery! p- ,4 C]olenre as substrate in 
a final volume of 0.3 ml 123 J. The activity was measured in the 
presence of 0-5 mg of cytosoiic protein and was found to he 
linear at this range. Concentrations in the range 4 6 mg of 
cytosoiic protein [24} yielded activities non-linear with protein 
concentrations. The specific activity of the cholesteryl oleate 
substrate was corrected for the presence of uon labelled cytosoiic 
cholestcryl oleate determined by h.p.l.c. as described above. 
Activity of liver cholesterol 7-a hydroxylase was measured in 
washed microsomal preparations according to [25] using en- 
dogenous cholesterol as substrate. Plasma phosphatidylcholine 
cholesterol acyl transferase (PCAT) was measured according to 
[15]. 



Ligand blotting of LDL receptors 

L.iver membranes were prepared by Polytron homogeni*ation for 
30 s of' 2 g of liver pieces suspended in 10 m! of ice-cold buffer, 
containing 10 mM Tris/HQ <pH 7.5), 0.15 M Nad, 1 mM 
CaCU and 1 mM phenylmethanesulphonyl fluuride (PMSF). 
The homogenatc was centrifuged at 500 £ for 5 min followed by 
centrifugation of the supernatant, first at S000 g tor 15 min and 
finally at 105000 £ for ftO min. The membrane pellet was sus- 
pended in the homogenization buffer and precipitated again at 
1 05000 g for 60 min. The washed pellets were frozen in liquid 
nitrogen and stored at - 70 ft C. For ligand blotting the 
membranes were solubilized by passing the pellet through 19- 
gaugc and 23-gauge needles using a solubilization buffer con- 
taining 125 mM Tris/maleatc (pH 6.0). '2 mM CaCi, ; 0.16 M 
NaOJ % (v/v) Triton X-100. I mM PMSF, 0.1 mM leupcptin 
and I /<g/ml pepsiatin and left on ice for 30 min. Insoluble 
particles were spun away by centrifugation at 125000.? for 
45 min and the protein content was measured using Bradford 
reagent. Soluhilized membranes (150 /eg) were electrophoresed 
by 7% (w/v) SDS/PAOK and transferred to nitrocellulose 
paper as described by Semenkovich et al. [26]. The nitrocellulose 
paper was incubated for IS h at 4 °C in a blocking buffer 
containing 51). mM Tiis/HO (pH 8.0), 90 mM NaCI, 5% (w/v) 
albumin and 2 mM CaCU, followed by a 5 h incubation at room 
temperature in the presence of 5//,g/ml rabbit -labelled fi- 
VLUL (300 c.p.m./ng). Finally, the paper was washed five times 
wiih ihe blocking buffer containing 0.5% albumin at room 
temperature and subjected to autoradiography. /?-VLD I .-ligand 
blotting in the absence of calcium added during pre incubation, 
incubation and washings served as control. /f-VLDL was pre 
pared by feeding a rabbit 2% (w/w) cholesterol for one week. 
The animal was starved ovcrnighL blood was collected in 0.1 % 
EDTA solution and the plasma was centrifuged for 23 h at 
275000$ in a SW41 rotor at a KBr density of l.OlOg/ml. 
The washed /V-VLDL fraction was iodinatcd using iodine 
monochloridc [27]. 



Statistics 

The significance of differences was evaluated using the 
Mann-Whitney U-lesl. 



RESULTS 

Plasma lipoproteins 

The hvperchotcstcrolaeinic effect of cholesterol feeding in 
hamsters and the extent of the hypocholestcrolaemic effect of 
MEDICA 10 in cholesterol-fed hamsters were evaluated here 
compared with non treated hamsters maintained on a low- 
cholesterol diet. The lime-course of cholesterol feeding and the 
hypocholestcrolaemic effect of MEDICA 16arc shown in Figure 
I while plasma cholesterol content in cholesterol-fed, non- 
treated animals progressively increased throughout the feeding 
period approaching a steady level of approx. 300 mg/100 ml, 
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Figure 1 Tims course at the hypocholesterulaemic effect of MEDICA 16 

Male hairriltts were Kepi or. a hiqh choifistfirnl dial tor 47 days. Alter M days ot adjustment 
tn cholesterol feeding they vwrt wtfici teated with 0.07% (W/W) MFOICA 16 (□> or kept non- 
■re.ited (O) tor 33 additional days. Values are given as oican f S.D. {n ~ 6) 



Table 1 Profile ol plasma lipoproteins in MEDICA 16-trealed hamsters 

Male hamsters were <epi on tow- and high-cholesterol diets in the absence or pw.wice ol added 
0 07% (w/w) MEDiUA ib\ After a weeks of treatment. Ihe plasma apoprotein proiite was 
determined as described in tftc bperimenial section. Values a/e given means + S.U. 
{/> = 5) of one representative experiment out ol three. ' indicates significantly dillerent from the 
lespwlivc value of the chnleste rot-fed non-treated group [P < 0.05). t inrtiMles significantly 
diflerenl front the respective low- cholesterol valoe {P < 0.05). 



Lipoprotein 



Low 

ufwiesterol 
Treatmeni ... rJiet 



High- 

r.holestetor 
diet 



Cholesterol (mg/100 ml of plasma) 

Total 13? ±20 

fihylomicrons 4 ±2 

VLDL 61 1 

LDL 1S±2 

H0L 103 ±12 

Triacylgiyceroi (mg/100 ml of prasnia} 

lotas 91123 

Chyiom*/on$ 53 ± 15 

VLDL 7A±A 

LDL 13 + a 

HDI 1±1 



266 ±29+ 
fl + ? 
l8 + 2t 
42±9t 

I98l I9T 

rif + 3/ 
57 + 12 
45 l*t 
13 ±2 
7-V4 



High cholesterol 
diet MkOlCA 
16-treated 



141 + 2V 
5H 
13+2* 
I9±8* 

104 + 10' 

136 ± 10 
57 + 10 
bb±3t 

ia+3 

8±6 
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Figure 2 Plasma apolipoprcteins profile of cholesterol-fed. MEDICA 16- 
treated hamsters 

Conditions were as described in Tabic- 1. Ihu combined lipoprotein tracllons of non-treated (a) 
and MFOICA 1 6-Ueated (b) rtiolesLerol-ied hamsters were sutojecietl to SDk'PAGf as described 
in the Fxperirnenial section. Sa/npies were applied (fit} /*fl nf protein/lane) as follows: i, VlUl; 
2, LUL. 3. HOI T,ne ;r;i identified protein in trie LOf. traction is presumably albumin [28] 
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Figure 3 Plasma apo Cs of MEDICA 15- treated hamsters 

r/jiniitinns were as described in Table 1. Tha combined HDL (a.b) and VLDL (c,d) tactions nf 
MEDICA 16-lieateiJ (a.c) and non-trcatcd (bd) rfiules'erol-led animals wftrs subjected to 
isoelectric focusing as described in the Experimental section. Samples were applied at 31) ptq 
of proiein/iane. 



piasma cholesterol content ol MKDLCA 16-uealcd cholesierol- 
fed animals progressively decreased throughout the 1 -month- 
long treatment period, approaching plasma cholesterol levels of 
animals kepi on a low-ehojcstcrol diet (132 + 20 nig/ 100 nil). 
The lipoprotein profiles induced by cholesterol feeding and 



MEDICA 16 treatment are shown in Table L It is noteworthy 
that in the low- as well as high-cholesterol groups most of plasma 
cholesterol is carried by HDL (74-78%) and LDI. (14-16%), 
whereas fhe contribution made by VLDL- and chylomicron 
cholesterol was minimal. The overall hypoeholesterolaemic effect 
induced by MEDICA 16 treatment resulted from a 50% decrease 
in the cholesterol content of all of the lipoprotein fractions. 
However, most of the hypoeholesterolaemic e fleet could be 
accounted for by that of HDL cholesterol, this being the most 
dominant plasma cholesterol fraction. 

The apo lipoprotein profile induced by MEDICA 16 in 
cholesterol-fed hamsters is shown in Figures 2 «md 3 
MEDICA 16 treatment resulted in a significant decrease in the 
apo F content of VLDL and LDL, while apo AI and apo C levels 
remained essentially unaffected. The presence of apoE in the 
LDL fraction is noteworthy. This could either reflect con- 
lamination of the LDL fraction by VLDL or the authentic 
composition of hamster's LDL. 

The hypoeholesterolaemic effect uf MEDICA 16 could not be 
accounted for by a putative decrease in cholesterol incorporation 
into chylomicrons. Thus, cholesterol incorporation into chylo- 
microns measured in cholesterol- fed animals injected with 
Triton 1339 amounted to I26±ll (mean + S.D, n « 9) and 
97+26 (n = 8) my/ 100 ml of scrum per h per kg body wt. in 
non- treated and MEDICA 16-treated animals respectively (not 
significantly different at P = 0.05). 

Plasma PCAT or CETP activities remained unaffected by 
MEDICA 16 treatment (results not shown). 

Liver lipid content 

Cholesterol feeding resulted in a > 70-fold increase in hver 
cholesteryl ester, with only relatively slight changes in liver free 
cholesterol (Table 2). Mi:DJCA 16 treatment resulted in a 
pronounced decrease in liver cholesteryl ester while liver free 
cholesterol content remained essentially unaffected. 

Liver microsomal cholesteryl ester and free-c hoi ester ol con- 
tents, as a function of cholesterol feeding and MEDICA 16 
treatment, reflected total liver cholesterol content as presented 
above (Table 2). Thus, microsomal cholesteryl oleate content 
was increased 1 5-fold by cholesterol feeding and decreased 
to non-detectable values by MEDICA 16 treatment, while 
microsomal free cholesterol remained essentially unaffected by 
either cholesterol feeding or MEDICA 16 treatment. 

Liver phospholipid content decreased 20% in cholesterol- fed 
animals while being reversed back to normal values in 
MEDICA 16-treated animals. 

Liver triacylglycerol levels remained essentially unaffected by 
either cholesterol feeding or MEDICA 16 treatment. 



Table 2 Lipid content of livers of MEDICA ie treated hamsters 

Male hamsters wers kept on low- and high-ctwlesteroi diets in the piesence or absence of added 0.117% fw/w) MFfHCA 16. After 4 weeks ol treatment, Hver lipids were analysed as described 
iu the fcaperimentai section. Values were given as mcans±S.D. Values in parentheses indicate no. of animals used, 'indicates siyriilicantly different Irom the respective value ul the cholesterol- 
fed nwHicalco group {F <: o.OS). t indicates significantly different from iha ;ftspective low cholesterol value [JP < 0.05). Abbreviation: n.d.. non-delectabie. 



Treatment 



l.ivei free 
cholesterol 
(mg/g ol Irver) 



Liver 

cholesteryl ester 
{mg/g of liver) 



Microsomal free 
cholesterol 
(/ig/mg of protein) 



Microsomal 
cholesteryl oleale 
f>g/.7ig of protein) 



liver 

triacylglycerol 
(mg/g of liver) 



Low cfloiesfwnl diet 
High-uholesteroi diet 
High-cholesterol diet, 
MLDICA 16-treated 



1 A ± 0.3 (3) 
3.3 + 0.9 1 {6) 
£4 + 0.5 (6) 



n.d. (6) 

6fl.1±2G.0t (6) 
10.9 ±3 5" t (6) 



t?.f) + 5.4 (3) 
l3.b + 4.0 (3) 
12.7+2.3 (3) 



0.6 + 0.2 (3) 
8.2j_5.2f {3) 
n.d.* (3) 



5.9011.30 (8) 
4.02 + 0.89 (3) 
5.00 ±0.52 (G) 



liver 

phospholipids 
(/*mo!/Q of liver) 



41.3 + 2.4 (5) 

3?.a±i.rt (3) 

42.5 ± 1 4" (3) 
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Figure 4 Liver LDL receptors in MEDICA 16-treated hamsters 

Cnndinons were as described in Table 2. LDL luccpmrs were delermined oy ft VLDi blotting 
as dRMiriMd in. the Expetlmental section lane A. .Tigh-choleslcrol tfd. MtOiCA 16 imated. 
i#ie b, nigh chote5.fflfni riiwl only; Line 0. low-cholestetol diet only. Results are fioni one uui 
of lliiee eapcihnents. 



Liver activities 

Liver LDL-rccxptor activity, as a function of cholesterol feeding 
and MUDICA 16 treatment, was evaluated by /7-VLDL li^and 
blotting (Figure 4). 1 .iver LUL-rceeptor activity was substantially 
reduced in cholesterol -fed animals 10.67 ±0.18 relative densito- 
metric units 07 = 3)] and was increased by MEDICA 16 
treatment [1.26 ±0.42 relative densitometric units (n = 3)J to a 



level similar to that observed in the cholesterol-deficient group 
[1.0 ±0.0 relative densitornetric units (n = 3)J. 

Liver cytosolic NCEH and microsomal ACAT activities were 
significantly reduced and increased respectively by cholesterol 
feeding (Table 3) and were found to be extensively affected 
by MEDICA 16 treatment of cholesterol-fed animals. Thus, 
MEDICA 16 was found io inhibit ACAT activity 3.5-rbIri, while 
activating NCFI1 activity 3-fold. The overall effect of 
MEDICA 16 thus appears to induce liver cholesleryl ester 
conversion into free cholesterol while inhibiting cholesterol's 
esierifi cation back into cholesteiyj ester, thus antagonizing the 
cholesterol flux induced by cholesterol feeding. 

HMG-CoA reductase was found to respond tu the cholesterol 
status of the liver, being 3-fold suppressed by cholesterol feeding 
while becoming up-regulated by MEDICA 16 treatment (Table 
3). Dmvn-rcgulalion of the HMG CoA reductase activity by 
cholesterol feeding resulted in a 4-fold inhibition of cholesterol 
synthesis in cholesterol-fed animals, as deduced from the in- 
corporation of U H 2 0 into liver cholesterol in vivo (Table 3). 
However, up-regulation of the HMG-CoA reductase activity by 
MliDICA 16 treatment did not result rn activation of liver chol- 
esterol synthesis, indicating perhaps that similarly to rats, 
cholesterol synthesis was inhibited in hamsters by MEDICA 16 
at a step beyond the HMG-CoA reductase [4J. 

Liver phospholipid synthesis was assessed by following the 
incorporation of radioactive glycerol into liver lipids 10 min after 
injection of the label into the jugular vein, assuming similar 
specific activities of hepatic glycerol 3-phosphatc following 
glycerol injection into treated and non-treated animals. In- 
corporation of the glycerol label into liver phosphatidylcholine 
was found to be increased 4.3-fold following MEDICA 16 
treatment. MEDICA 16 treatment did not result, however, in 



Table 3 Liver enzyme activities of MEDICA 16-treated hamsters 

Coitions W3!e as described in Ubk ? Uver activities were determined as describee in the ExoerimcnlaJ section. Values ai» given as means + S.D. (n 



oui as three. ' indicates significantly diilereru vauc iiom me respeciive value ai tha cholesierol-fed non-Heated yruup [P < 
cholesterol value [P < 0.05). 



3) of one represenlativt; experiment 
O.Ubj" t indicates signilicantty different value liom the respective low- 



Trcatmert 



low-clttleatwoi did 
High-cholesterol diet 
I figh-cnoi-ssi&rol diet, 
MFOICA 16-trMleri 



ACAT 



NECH 



1?.9±3.fi 
44.b-h6.3t 
12.8 ±6. r 



32:1 ±7.3 
41 .b + 11.0* 



bn?yme activity lprr.ni/min per rng of protein) 



Chnlfl sterol 

/ a hydroxylase 



4.510.2 
1.64 0.6* 



HMC-GuA 
reductase 



9.0 ±2.0 
3.0 ± 0.5t 
8.? + 1.b' 



Ctioluslerot 
synthesis 
(nmftl of 2 1l 2 0 
incorporated/h p« 
y ui *et tissue) 



Fatty-add 
synthesis 
(nmo( ul 3 H ? U 
incorporaled/h per 
p of wet tissue) 



123140 
36±8t 
34±*t 



10914 + 1915 
14193 + ^369 
13935 14055 



Table 4 Biliary -lipid output and content of MEDICA 16-treated hamsters 

Male hamsters were kept da a nigh-dioicsiinol diet in me absence or present* nl added 0.07% MCDiCA 16. Alter 4 «w*s * treatment, the bile section raw and blle-lipid content were MM 
as d«scrih«d in ;he F xperimenial section. Values are given a. rr^an - S.L). [a = 7). ' indices value is significantly different Horn the respective non treated value {P < 0.0.). Results are from 
one representative experiment out nl two. 



Bite Jipids (//.nmJ/ml) 

Bile adds Phospholipids Cholesterol 



Bile yctreUoii 
(ml/Kg buoy 
wr. per h) 



Biliary lipid output {jtmaUkQ body wt per h) 

Bile acids msphoiipids Choiestarof 



Non-treated 
MEDICA 16-rreatea 



12.915.6 
7.5 -J 1.6 



1.S+Q.5 
1.710.4 



U.I 8 ±0.1 
0.35 + QM* 



1.40 + 0.73 
2.97±0.?S* 



16.517.3 
22.0 ±7.2 



2.3 ±1.0 
5.0 li r 



0 36+0.16 
O-'iB+ai/' 



Ctwlesteioi 
mole 

Iractlon {%} 



i.? 2:0.2 
3.6 ±" r 
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changes in the rlux of liver iipoiicnesis. ub' deduced from the 
incorporation of :, H.,G into total liver fatty acids (Table 3). 

Biliary lipid output 

Biliary lipid output, us :» function of MEDICA 16 treatment., is 
shown in Table 4. MEDICA 16 treatment resulted in 2.7- and 
2.1-tnkl increases in biliary cholesterol and phospholipid output 
respectively, while hilc-acid oulpul was insignificantly increased. 
Tiic change observed in biliary lipid oulpul was accompanied by 
a 2. 1 -fold increase in the bile secretion rare, thus resulting in a 
decrease in bile-acid concentration but i concomitant 2.4-fold 
increase in cholesterol (inol fraction). 

DISCUSSION 

The overall hypoehoiesterolaemic effect of MEDIC A 16 in 
cholesterol-fed hamsters consists of increasing the cholesterol 
(lux from the plasma compartment into the liver and from the 
liver into the bile. Since the steady-state levels of free and 
csterified cholesterol, both in plasma and liver, were reduced by 
M EDICA 1 6 treatment, the increased plasma to liver ami liver to 
bile cholesterol fluxes ure not accounted for by cholesterol mass 
action, but presumably reflect MEDIC A 16-induced activation 
of steps controlling the influx and efflux of cholesterol into and 
out of the liver. 

The decrease in plasma cholesterol may indeed be ascribed to 
a MEDICA 16-induced increase in liver apo B,E receptor activity 
(Figure 4), resulting in an increased hepatic uptake of apo 3,E- 
containing plasma lipoproteins. The hypocholestcrolacmic effect 
with respect to HDL cholesterol could then result from a 
concomitant transfer of HDL eholesteryl ester into VLDL and 
LDL catalysed by CE TP present in hamster pi a sum [16,29]. 
Alternatively, the decrease in plasma HDL eholesteryl ester 
could reflect a direct increase in the hepatic uptake of UDL 
cholesterol mediated by putative HDL receptors or catalysed 
perhaps by hepatic lipase. The role played by the direct and 
indirect effects of MEDIC A 16 on plasma HDL cholesterol is 
now being investigated in rats which lack eholesteryl ester transfer 
activity in their plasma. 

The putative increase in plasma cholesterol influx into the liver 
induced in cholesterol- fed hamsters by MEDIC A 16 treatment 
did not result in Hooding of the liver with eholesteryl esters, in 
fact, liver eholesteryl ester content was found to be dramatically 
reduced in MEDICA 1 6- treated animals. The decrease in liver 
eholesteryl ester may be ascribed t<? activation of NCKH together 
with inhibition of liver A CAT activity, resulting i.n shifting of the 
eholesteryl cster/free-eholesierol cycle towards free cholesterol 
Moreover, MEDICA 16 treatment was found to induce a 3-fold 
increase in biliary cholesterol output (Table 4), thus pointing to 
aetivalion of free-cholesterol efflux from the liver. This increase 
in biliary cholesterol output could not be accounted for by a 
respective increase in bile-acid output with a concomitant increase 
in bile-cicid-induced cholesterol extraction. MED1CA 16-induced 
increase of biliary cholesterol output was, however, accompanied 
by an induced increase in liver phospholipid content, as well as 
in bile phospholipid output, indicating that most of the chol- 
esterol efflux into bile which was induced by MEDIC A 16 
treatment was perhaps mediated by vesicular cholesterol trans 
port [30]. Three essential steps are thus proposed to mediate 
the overall hypocholestcrolaemic effect of MKDICA 16 in 
cholesterol- fed hamsters: an increase in liver LDL-receptor 
activities resulting in plasma cholesterol influx into the liver, 
pulling the liver eholesteryl cster/frec-cholcstcrol cycle towards 
free cholesterol as a result of inhibition and activation of liver 



AC AT and NCKH respectively, and finally an increase in biliary 
cholesterol output mediated presumably by vesicular cholesterol 
transport. 

The effect exerted by MEDICA 16 on the various steps 
involved in plasma and liver cholesterol metabolism in the male 
hamster may be dissected into steps primarily affected by the 
drug, and others which presumably respond secondarily to the 
induced decrease in liver cholesterol. Activation of biliary chol- 
esterol output by MEDIC A 16 under conditions where the 
steady-state level of liver free-cholesterol remained unaffected 
(Table 2), may indeed be considered as a primary effect of the 
drug and. as pointed out above, could have resulted from an 
increase in liver phospholipid synthesis induced by MEDICA 16. 
MEDIC A 16 treatment was reported previously to induce 
in rats an absolute increase in fatty-acid esleri fixation into 
liver phospholipids compared with that esterined into liver 
triacylglyccrol [31]. Some other steps, involved in plasma and 
liver cholesterol metabolism and affected by MEDICA 16, may 
be considered as responding to the liver cholesterol status rather 
than being primarily affected by the drug. Liver HMG-CoA 
reductase, LDL receptors and NCEH were indeed observed to be 
decreased in this system by cholesterol feeding as previously 
reported [9,21,24] and increased by MEDICA 16 treatment, thus 
responding to the liver cholesterol status. Similarly, plasma apo 
E and liver ACAT were found to be decreased by MEDICA 16, 
in line with previous reports indicating that these activities arc 
positively correlated with liver cholesterol content |22,32]. It 
should be pointed out, however, that assuming secondary effects 
reflecting liver cholesterol status docs not rule out a possible 
primary effect of MEDICA 16 on any of the various liver 
activities found to be affected by the drug. 

The hypolipidaemic effect induced by MEDJCA 16 in 
cholesterol -fed hamsters is different from that previously reported 
in nonno- or hyper-lipaemic rats, both with respect to the 
phenomenology observed as well as the respective underlying 
modes of action. Some of the differences are worth noting. The 
hypolipidaemic effect in normo- or hypcr-lipaemic rats consisted 
of a decrease in plasma cholesterol as well as plasma tri- 
acylglyccrol [1], while MEDICA 16 treatment of cholesterol-fed 
hamsters did not result in a triacylglycerolaemic effect. T he 
inefficacy of MElMCA 16 as a hypolflELcylgJycerolaemic agent in 
cholesterol-fed hamsters could not be accounted for by chol- 
esterol feeding since it could still be observed in cholesterol-fed 
rats but not in hamsters maintained on a low-cholesterol diet 
(N. Mayorek, unpublished). It may be accounted fur. however, 
by the inefficacy of the drug as an inhibitor of the lipogenic 
pathway ( Table 3), or as an effector of plasma apo (Mil content 
■ Figures 2 and 3) in hamsters. Finally, it is worth noting that 
the hypocholesterolaemic effect of MEDICA 16, with respect 
to HDL cholesterol in hamsters (Table I ), may be related to 
transfer of eholesteryl ester from HDL to apo B-containing 
lipoproteins catalysed by CETP, an activity that is lacking in the 
mi. The differences between rats and hamsters with respect to the 
hypolipidaemic effect exerted by MEDICA 16 may point to the 
importance of species-specific factors in defining the ove rall 
effect o f nn hypoli pidaemic d rug . 

MEDICA 1 6 has been reported previously to act as an adipose- 
red ucing agent in lean rats [331 as well as in animal models for 
obesity and obesity-induced diabetes [31,34], The adipose- 
reductive effect of MEDICA 16 was accounted for by activation 
of lipolysis in adipose tissue accompanied by increased oxygen 
consumption [33]. The progressive \0% decrease in weight 
induced by MEDICA 16 in hamsters after I month of treatment 
may indicate that MEDICA 16 may act. as an anti-obesity agent 
in hamsters as well. In a similar way to adipose reduction in rats. 
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that observed in cholesterol- fed hamsters was not accounted tor 
by an anorectic eHeci of ihc drug. 
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